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PROBLEM 
In his "Einfi.ihrung in die Entwicklungspsychologie", H. Werner says 
that the essential of all mental development lies in the increasing differen-
tiation and centralization of mental phenomenon and function. Upon this 
principle, he explains the developmental phenomena of heigher animal, 
primitive man and various types of behavior observed in children. E. R. 
Jaensch (2) also holds the same opinion from his investigation of eidetic 
imagery. Apart from the question whether this explanation is right or not, 
in the consideration of development, especially, the development of mental 
and physical function from infants to adults, I believe, it is reasonable to 
follow the principle of increasing differentiation and centralization. There-
fore, from this point of view, the writer would like to examine child 
development. In this paper, the develpment of the perceptual function is 
considered, although incomplete differentiation in childhood is observable 
in any other mental function as shown in many observational and expe-
rimental records. For example, K. M. B. Bridges (3) made observation 
about feeling, E. R. Jaensch (4J about perception and image, and Revesz, 
G. (5) about synaesthesia. Now, it may contribute to the clarification of the 
complex adult perception to follow up the process of perceptual development 
in children. 
On the developmental consideration of weight perception, as Hurlock 
(6) says, "a child learns from experience that, if he wants to determine 
just what the weight of an object is, he must pick it up, not merely look 
at it, and he moves his hand up and down. The problem of weight 
comparison contained in Binet scale mental test is such that, if he lifts 
two objects spontaneously and gives correct judgement of the weight, then 
he is given a full score. According to Suzuki (7), the percentages of children 
who passed the test are 68. 4% and 75. 9% at 4 ; 5 years and 5 ; 0 years 
respectively. However, even if a child succeeds in solving this problem, 
he is not always perfect in his weight perception, and can not always judge 
weight correctly. 
As Charpentier, G. E. Miiller and Friedlander (8) analyzed minutely in 
many experiments, weight perception is performed not only through sensation 
of weight and motor sensation of muscles, but through cooperation of these 
sensations with vision, or rather largely through visual function. In this 
sense, we must consider that the weight perception is integral unification 
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of weight sensation of muscles and visual sensation. That a part is played 
by visual sensation in weight perception is perhaps most clearly shown 
by Charpentier's illusion and material illusion. For these illusions, Fried-
lander says three theories conceivable. The first of these, so-called 
Muller-Schuman theory, explains the Charpentier's illusion by motor sens-
ation and the speed of lifting up at the moment of lifting. But this expla-
nation is inadequate since Charpentier's illusion may be produced without 
lifting the object. The second, Seashore's and Marbe's theory, attributes 
the illusion to contrast with the expecting image. The illusion is produced 
by the expectation that large object or an object which is made of heavier 
material is heavier, operates upon sensory impression which occurs at the 
moment of lifting a given object. This theory accounts for both the Charp-
entier's and material illusions, and is furthr applicable to the case in which 
the illusion occurs without lifting the object. But Friedlander thinks that 
this theory leaves something to be desired. The main motive which acts upon 
the illusion with the expecting image is the mental set. There are, according 
to his view, two different manners of weight perception. One is not objecti-
vated (i. e, subjective) pressure sensation, and the other is the weight which 
is belonging to the object in sight. After various experiments, he proved 
that the illusion never occurs when a special mental set is taken. Afterwards, 
in 1930, Usnadze (9) reported a study on Charpentier's illusion. Generalizing 
these theories, the formation process of this illusion is considered as follows: 
as Usnadze saw, when this illusion occurs, the visual difference between 
two given objects must first be perceived. Therefore, when the subject closes 
his eyes or when he is blind, the illusion does not appear. In the second 
place, an expecting image will occur that a larger object is heavier than a 
smaller one. Of course, such a image does not come to consciousness. How-
ever, based upon this expecting image one experiences that a larger object 
is lighter than an smaller one, even when two objects are objectively of 
equal weight. when his mental set is directed not to the object but only to 
the sensation, the expecting image is not produced. In consequence, the 
illusion generally does not appear. The reason why the illusion does not 
appear when the subject closes his eyes or when he is blind, depends 
partly upon the circumstance that weight perception is hard to be objecti-
vated, so that it tends more to Friedlander's "Abstraktionseinstellung". 
Now, in developmental researches of Charpentier's illusion in childhood, 
if no illusion occurs in the child, we may attribute it to any ot the following 
causes either; (1) he does not perceive the volume difference of the two 
given objects, (2) weight perception is not brought about by integral diffe-
rentiation between pressure sensation and vision, or (3) because he has 
little experience, the expecting image that a larger object is heavier than 
a smaller one, is not produced in him. The reason why the weight illusion 
from abstractive mental set does not appear in him, is not necessary to 
be considered in a child. The purpose of the following experiments is to 
study the developmental precess ot weight perception in childhood through 
Charpentier's illusion and the analysis of its factors. 
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EXPERIMENTS 
(Experiment I) 
Purpose: The observation of the formation process of Charpentier's illusion 
in the normal child. This experiment is based on a preliminary one about 
24 kindergarten children. 
Materials of ExJ,eriment : They were prepared as shown in Table 1 after 
Table I 





Volume Specific one Side Gravity 
St. St. II 100 g I 6 cm I 216 cm3 I 0.46 g 
Comp. St. 
J JOO 12 1728 0.06 
2 JOO JO 1000 o. I 
3 JOO 8 512 0.19 
4 JOO 7 343 0.29 
5 JOO 5 125 0.8 
6 JOO 4 64 I. 6 
7 JOO 3 27 3. 7 
8 100 2.5 15. 6 6.4 
Usnadze (IOJ. The stimulus objects are all white colored cardboard cubes. 
The largest three of them have a handle for lifting. 
Observers: Nonin Kindergarten's children, Sendai. Their mental age mea-
sured by means of Suzuki-Binet Mental Test is as follows: 
Chronological Age I Mental Age I Number 
3 ; Q-------3 ; 11 3;0-4;8 15 
4;0-4;11 3;8-5;8 20 
5;0-5;11 3;10 -6;0 16 
Total 51 
They were non selected children. Before starting the experiment, the 
experimenter got familiar with them by talking and playing with them. 
The Experimenter was throughout S. Ohwaki. 
Date of Experiment: From November 20 to December 20 1951, from 10: 00 
a. m. to 2 : 00 p. m. every day. 
Place of ExPeriment : A room in the Kindergarten. 
ExPerimental Procedure : According to the constant method, and succesive 
comparison as well. The children were called into the experimental room 
one after another and were told to sit down in front of a table. There 
were two stimulus objects, one the standard object and the other a comp-
arison object, on the table. He was given instruction by the experimenter 
that he should try to lift these objects one by one and then hand over to 
the experimenter the heavier object. The observer first lifted the object 
on the right side and then the object on the left side by his right hand. 
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After this, he handed over the heavier object to the experimenter. In the 
first series, the standard object was placed on the right side and the 
comparison object on the left. In the second series, the arrangement was 
made reverse to the first series, and in the third series, it was made again 
as before. Eight comparison objects were presented in a random order to 
the observer one at a time. The test was performed eight times for each 
of the three series, that is, each observer was asked to make comparison 
24 times in all. But when a younger observer showed any sign that he 
had lost interest in the experiment or he had got tired, the experiment 
was stopped when he finished the first two series, that is, he was to make 
16 judgements. The judgement by the observer was required to make one of 
the two, "heavier" or ,,lighter' . If a observer said "equal'' or ,,both are 
heavy", he was told to lift again till he could judge which was heavier. 
Further, when the observer was making comparison, the experimentor 
observed carefully if the child was watching the stimlus objects or not. 
Results: (AJ The observers were divided into three groups according to 
Table 2. Proportion of Illusion against all Judgements. 
(Normal Children) 
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their chronological ages, 3, 4 and 5. And the number of illusions tor eight 
comparison objects was calculated. Under illusion here, we mean that 
observer judged a larger object to be lighter. 
i) In all three groups, the illusion occured more frequently in cases where 
comparison objects were smaller than standard object than in cases where 
the former larger than latter. This was also the case with the preliminary 
experiment and probably it was due to the size of the standard object and 
the weight of 100 grams. 
ii) Though there are some exceptional cases, the general tendency was 
that illusion occurred more frequently when the difference of size between 
the standard and comparison objects was larger and it occurred less 
frequently when that difference was smaller. This tendency is also found 
in Usnadze's results. 
iii) Deviation from this genral tendency is greatest in the group of 3-year 
children. 
iv) The figures in Table 2 show the percentages of illusion to all judge-
ments. The remainder of these numeral values are cases of reversed illusion, 
that is, cases when observers judged larger objects to be heavier and 
smaller ones to be lighter. According to the table, the illusion occured 
only 50% in 3-and 4-year groups while in 5-year group, the illusions appeared 
in almost all children. This will become clearer when we classify our 
children according to their mental age. But we will describe it afterwards. 
(B) We calculated the percentage of illusion among 24 or 16 judgements 
for each group, and obtained Table 3 and Fig. 2, where the distribution 
of the number is shown. In Table 3, 100 % in the left column indicates the 
cases where the observer judged every larger object to be lighter, 0 % 
means the cases in which every larger object was judged as heavier. 
i) Fig. 2 is distribution of children in every 20% illusion. From this figure, 
therefore, one can find out change of distribution according to age. 40% of 
3-year group judge, in one third of all judgements, that larger objects are 
heavier. However, in half of 4-year group, nearly 10% of their judgements 
are the reverse illusion. Furthermore in 5-year group, the peak of distribution 
changes and about one third of the group made no judgement of reverse 
Table 3. Distribution of Persons in Each Degree of Illusion. 
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0 
illusion, and there was no person who made judgement of reverse illusion 
constantly. These differences with age became clearer when we regrouped 
the observes according to their mental age. 
ii) Table 4 and Fig. 3 show the classification of the observers according to 
their mental age. We can classify weight perception in three groups as 
shown by dotted lines in the table. The first group is the cases of con-
stant illusion. 90 % illusion, that is, 10 % of reverse illusion may be 
regarded as an error caused by a small difference in size between the 
standard and the comparison object. 50% to 89% illusion are instable 
judgements : that is, they sometimes made the judgements of the reverse 
Table 4. Distribution of Persons in Each Degree of Illusion. 
Obs. are grouped by mental age. 
- Mental 













0 6 I 19. 4 
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80-89 I 2 I 18.2 7 I 22.6 l 11. 1 70-79 
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tl 
illusion under the influence of the visual size that the larger object was 
heavier. And at other times, considering the weight of the objects, they 
made an illusory judgement that the smaller object was heavier. These 
three groups are given in Table 5. 
Table 5. Grouping by Amount of Illusions. 
11 
Mental 3 4 
I 
5 - - <\i;re 




! Group I 90-100% 00/ 32.3% 66. 7% /0 
Group II 50- 89% 54. 7 51. 6 33.3 
Group III 
,, 
0- 49% 45.3 16.6 I 0 I! I 
From this table we know that, between the 3-and 4-year groups, there is 
little difference except that, in the 4-year group, the first stage of judge-
ment shows a considerable increase. But between the 4-and 5-year groups 
there is a marked difference. In the 5-year group, the first stage of judge-
ment rises to nearly 70%, while there is no case of the third stage. These 
changes from the 4-year group to the 5-year group are clearly perceived in 
Fig. 4, in which the observers are grouped according to their mental age. 
Consideration: Now, let us consider these results in the light of children's 
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spond to the manners of judgement. As shown in Tables 4 and 5, the first 
stage of judgement, that is, constant illusion, appeared in 4-and 5-year 
children. They carefully compared the weight of the two objets faithtully 
following the given instruction. In children who compare in this way, 
judgement ot reverse illusion rarely appears. Reverse illusion occurs when 
there are little difference in size between the two objects. That is different 
from 1.he judgements of the observers belonging t.o t.he second and third 
st.ages. This sort. of judgement may be treated as error. 
The second group of judgement is cases in which the observers' 
judgement was at times illusion and at others reverse illusion. The manner 
of judgement of such children seemed to be uncertain and helpless. 
Sometimes their comparison was very careful, and they lifted the objects 
one by one repeatedly. When we asked about. the weight, they put the two 
objects side by side, and appeared to be wondering which one was to be 
selected. In most cases, these children not only compared the weight but 
looked at the size as well. This kind of behavior was remarkable when the 
comparison stimulus was especially large or small. As a result of such 
behavior, there followed two sorts of judgement. At one time, they offered 
the larger object as the heavier one, and at another, they offered the 
smaller one as the heavier. The writer of the present paper thinks 
that the childern who belong to this stage, understand the given task, to 
compare the weight of two objects, but when they form their judgement, 
they are ruled entierly by the visual impression. This stage is significant 
as a transitional stage from the third to the first stage. 
Those children who belong to the third stage, are all below 4; 10 years 
in mental age. The judgements made by the children of this stage, are 
quite characteristic. When the objects were presented to them, they knew 
the weight of the objects at a glance without lifting them up as they were 
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told. To the children ot this stage the larger objects are nothing but heavier 
ones. Although they are able to compare the weight of the two objects of 
the same size, they cannot compare objects of different sizes. Because their 
weight perception is not so well established as in adults, weight sensation 
is confused with visual or tactual sensation in such a comparison situation. 
This can be inferred from those children's remarks during the experiment. 
A boy aged 3;6 usualy judged the larger one as heavier, when the comparison 
stimulus was larger than the standard stimulus. But, when the difference 
was great and the comparison stimulus was far larger, he presented 
the larger one to the experimenter with an expression as if it were really 
heavy and saying "This is so heavy''. 
Another boy aged 4; 0, after lifting two objects successively, usualy 
presented the larger one to the experimenter, in saying "This is heavier 
because it is larger than the other one." However, at the final trial, when 
the smallest object, 2. 5cm long in one side was presented to him, he looked 
at it with an expression of wonder. And only after some hesitation, he 
presented the smaller object in saying "This is heavier though smaller. " 
A girl aged 3; 6 made judgements sometimes of illusion and sometimes 
of reverse illusion. But when the smallest object was presented as the 
comparison stimulus, she said "This is small, and yet heavier. " 
A boy aged 4; 5 said that the smaller object was "hard", and that the 
larger one was "heavier". 
As observed in the behavior of children of 3-4 years, various fields of 
perception, such as weight, magnitude, hardness and so on, come to be 
mixed up in a rather complex situation like this experiment, although each 
perceptual function has individually thorouhly developed. This is caused by 
the diffusenss of various fields of perception in child, and in this case, 
weight judgement is greatly affected by visual perception. Therefore, weight 
perception, which is performed through the integration of vision and weight 
sensation, is not so firmly established. Such differentiation of perceptual 
functions is not yet known in detail under 2 years old, but it is concluded 
that, it increases rapidly from 4 to 5 years old. 
CExPeriment 1/J 
Charpentier's illusion in the mentally retarded child. 
In Experiment I, the rising curve of Charpentier's illusion, which 
indicates the development of weight perception, appears more clearly in the 
grouping according to observers' mental age than in the grouping according 
to their chronological age. This fact shows that mental age presents more 
exactly children's developmental stage than chronological age. Though 
Hurlock does not say explicitly that weight perception develops only through 
experience, it may be considered that the rapid development of weight 
perception between 4-and 5-years shows that only when a child has reached 
this age, Charpentier's illusion becomes constant, and, consequently, weight 
perception is established. As it is difficult to examine closely this problem 
about normal children, we used mentally retarded children as subjects and 
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experimented on the same Charpentier's illusion. 
On the other hand, Demoor (11), a Belgian physician, found out that 
mentally retarded children never experience Charpentier's illusion. This 
phenomenon is called Demoor's sign, and has been studied by many expe-
rimenters. Especially Claparede (12), in his work published in 1906, expe-
rimented about members of a special class of retareded children. And he 
classified his results according to the causes of their retardation. As a 
result, he found out the absence of illusion is not the symptom of retarded 
children in general, but that it is only one of many symtoms of retardation. 
He attributes Charpentier's illusion to empirical association of the muscular 
impulse and the visual impression. And he explains that in mentally 
retarded children such an empirical association does not occur, so that the 
illusion is lacking. 
Materials of Experiment: They are exactly the same as those of Experim-
ent I, which was carried out with normal children. See Table 1. 
Observers The inmates of Kiteien, prefectural home for mentally retarded 
child, Miyagi Prefecture. They are 17 boys and 15 girls, 32 in total. Their 
chronological ages range from 7 to 19 years. Their mental ages range 
from 2;4 to 11;6 years according to the Binet scale mental test, and their 
intelligence quotients are from 20 to 80. These children were divided into 
3 groups according to their mental ages, as follows : 
Ivlental Age I Chronological Age I I.Q. n. 
Group I 2; 4~3; 11 7~17 20~33 10 
Group II 4; 0~4; 11 10~18 
I 
27~45 11 
Group III 6; O~ll; (, ll~l9 43~82 11 
The causes of retardation are various; in some, it is hereditary, and in 
others, it has been acquired. But in most cases the cause is unknown. 
Therefore, a classification according to the causes was imposible. About 
half of them have undergone operation of lobotomy or tharamotomy. But 
according to the instructors of the institution, in most cases such treatment 
has brought about practically no change or improvement of their behavior 
and intelligence. 
Date of the Experiment: From March 13 to 22, 1952 and 1 : 00 to 4: 00 p. m. 
every day. 
Place of Experiment: A room in Kiteien. It was quite familiar to the 
children. 
Experimental Procedure: It was the same as in Experiment I. Before the 
experiment, we carried out some preliminaly expeiments, for we considered 
it necessary to measure the discrimination ability of our children. We 
made our children compare stimulus objects of the same size. Of these 
objects, one was 3gr. and the other 15gr. in weight. With the help ot 
instruction by hand, most children could judge correctly. But five children, 
who were below 4 years in mental age, often made an incorrect judgement. 
However, they could judge correctly when we made them compare two 
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objects, one 3gr. and the other 30gr. in weight. So we assumed that, 
although they are mentally retarded, their function of weight perception 
is normal. The experiment was carried out in an isolated room individually. 
As they were given some candies as a prize by the experimenter after the 
experiment, they were quite v.illing to take part in the experiment. 
Results: (AJ For each of the above-mentioned three groups, the proportions 
of the illusions against all judgements were calculated. See Fig. 5 and 
Table 6. 
Table 6. Proportion of lJlusion against all Judgements. 
(Mentally Retarded Children) 
6;0-11;6 Mental Agel1 _ 2;0-3; 11 
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Fig. 5. Proportion of Illusion against All Judgements. 
(Mentally Retarded Children) 
i) First of all, it has been found out that the illusion occurred least 
frequently in group 1, and most frequently in group 3. 
ii) Except in group 1, the illusion which takes the larger object to be 
lighter occurred more frequently when the difference in size between the 
stander dand comparison objects was larger. 
iii) In group I, there was found no regnlar relation between the amount 
of illusion and the difference in size of objecst. The same irregularity was 
also found out in normal child of 3 years old. See Table 4. 
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iv) In group 3 the illusion occured almost 100% when there was a consi-
derable difference in size between the two objects. This seems to be due to 
the fact that group 3 was composed of children whose mental ages ranged 
from 6;6 to 11; 6 years. 
v) If we compare with normal children (See Fig. 1), the pattern of curves 
seems to be similar both in the normal and mentally retarded groups. 
But with the mentally retarded group, the tendency that the illusion occurs 
less frequently when the comparison object is smaller than the standard, 
was not observed. 
CB) Now, we have calculated the percentage of the cases of illusion against 
total judgements for every subject. The distribution according to the amount 
of illusion is shown in Table 7 and Fig. 6. 
•. 
Table 7 Distribution of Persons in Each Degree of Illusion. 
(Mentally Retarded Children) 
Mental Age 2;0-3;!! 
I 
4;0-4;11 6;0-ll ;6 
- -
I I I Illusions n % n % n % 
100% 2 I 20.0 I 3 27.3 I 3 27.3 
90-99 I 10. 0 2 18.2 4 36.4 
80--89 2 
I 
20.0 2 18.2 3 27.3 
70-79 1 10.0 
I 
1 9. l 
I 
1 9. I 
60--69 0 
I 
0 2 18.2 0 0 
50-59 I 1 : 10. 0 I 9. l 0 0 
40-49 
• 
2 20.0 () 0 0 0 
30-39 0 0 I 0 0 0 () 
20-29 I I 10. 0 
I 
() 0 () 0 
10-19 
I 
0 0 0 0 () 0 
l-9 0 
I 
0 () 0 (J 0 
0 0 0 
I 
0 0 0 () 
I 
i) See the distribution for each age group. One can find out from the figure 
that in group 1 the peaks of distribution come to 99-80% and 59-40%, and 
that all persons are distributed from 100% to 20%. But in group 2 there is 
no person who had illusion less than 50% and almost all of group 3 concen 
trate between 100% and 80%. The smallest is 70%. 
ii) Comparing Fig. 6 with Fig. 2, which shows the distribution of the normaJ 
group, one can find out similar differences according to age both in the 
normal and mentally retarded children. But there is one remarkable diffe-
rence between the two groups; that is, in the mentally retarded children, 
while 20% of those who belonged to group 1 made 100% illusion, the pro-
portion of the children who showed the same degree of illusion did not 
increase in groups 2 and 3 so greatly as in the case of normal children. 
Consideration: With regard to the above-mentioned experimental results, it 
should be noticed that there is simirality in weight judgement between 
normal and mentally retarded children who show the same mental age. 
This fact shows that there is some relation between weight perception and 
the level of mental development which is measured by a mental test. It 
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Fig. 6. Distribution of Persons in Each Degree of Illusions. 
(Menta11y Retarded Childrn) 
is not the same, al though their mental age is the same. But in the 
perception of weight, both groups of children show the same grade of 
development. 
When the percentage of illusion of each observer was compared with 
his mental and chronological age for 21 mentally retarded children, the 
correlation of illusion and the mental age was +o. 38, and that of illusion 
and the chronological age was +o. 34. But there is a correlation of +o. 30 
between the mental and chronological age. The partial correlation between 
illusion and the mental age was +O. 31, and between illusion and the 
chronological age it was +o. 25. Therefore, one can say as follows : weight 
perception has more to do with mental development than with the 
chronological age, and only after one has reached mentally 4-5 years, one's 
function of weight perception is firmly established. If ii had been possible io 
classify our children according to the causes of their menial retardation as 
Claparede did, we should have surely been able to analyse the function of 
weight perception much more in detail, and trace its development more 
precisely. 
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(Experiment III) 
By Experiments I and II, we found out that weight perception is 
completed for the first time at age of 4-5 years. In Experiment III, we 
wanted to examine to what extent weight perception is completed. Assuming 
that weight perception must be abstracted from other perceptions to a 
certain degree, we made out observers arrange a number of objects of 
different weights according to weight. The abstraction involved in the 
arrangement was examined in Weigl's experiment (13), and recently it 
was studied in deaf children by Oleron (14). 
Table 8 Stimulus Objects for Exp. III 
Ex II Stir_nulus I 
I 






I " I 15 ,I 3 . 'I 30 
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C 4X4X4 41 
d 8X8X4 37 
Materials of Experiment: See Table 8. 
Experiment III was divided in 4 
parts A, B, C, and D. These 4 expe-
riments were carried out in succe-
ssion for each observer. None of the 
experiments needed more than 3 
minutes. 
Observers and Place of Experiment: 
Exactly the same as Experiment 
II. Observers were mentally retarded 
children. 
Date of Experiment: March 13 to 22, 
1952. From 1 : 00 to 4 : 00 p. m, every 
day. 
(Experiment AJ 
Purpose: To examine whether the 
observer can discriminate different 
weights correctly. 
Materials and Procedure of Experiment: Materials were as shown in Table 8, 
three objects of different weights. Their appearences were exactly same, 
white cardboad boxes. 
The procedure is as follows : the experimenter presented two objects, 
one 3gr. and the other 15gr., to the observer, saying "Which is heavier?" 
and the observer was required to lift them one by one and point out the 
heavier one. To the children who did not know how t.o compare the weight, 
the experiment.er showed him by hand. Like the Suzuki-Binet scale mental 
test, the comparison was repeated three times, with the objects arranged 
in a different position at each time. When an observer could judge weight. 
correctly only seldom, we made him compare 3 and 30 grams weight, The 
way of comparison was left to the observers; so that they compared objects 
either simultaneously or succesively. 
Results: 5 out 6 children below 3 years of mental age could not discriminate 
3 gr. and 15 gr. But they could discriminate 3 gr. and 30 gr. Besides these, 
there was one child who could not discriminate 3 gr. and 15 gr. although 
her mental age was 4; 0. She has cerebral palsy. Other children has normal 
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ability of discrimination about weight. 
(Experiment BJ 
Purpose: To ascertain whether a child can arrange 3 to 5 objects according 
to their size, when the difference of stimlus objects is in size, that is, when 
the difference is visually observable. 
Materials and Procedure of Experiment : Materials are shown in Table 8. The 
child was instructed to arrange these objects according to their size. When 
the child made an erroneous arrangement, he was repeatedly instructed to 
regard the "size". If he continued to make an error in spite of repeated 
instruction, the verbal suggestion was given as follows : "Which one is the 
largest? Arrange it in the end." When he succeeded through the instruction, 
we let him arrange the objects again without suggestion. A success made 
by the aid of this suggestion is marked by the sign D in Table 9. 
Table 9 Results of Exp. III (Mentally Retarded Children) 
, , Ex;;;:::///· Al 12B ) ii~ ;-c -I __ ' __ D_.-
3g: Jg: --~I----, 
Obs. M.A. J~.C. // 15g' 30gl 3 j 4 / 5 jl 3 / 4 j 5=~~== 
l I 2•4 I 7 x O * I I * j 
2 2;10 13 11 X O D * * ! C) ..... Succes 
3 I 3;0 I 8 X O * ~ D ...... Succes by 
4 3;0 IO X U O X 1/.~ 
5 3 ;2 I I I X C) * * 
6 I 3;2 17 0 0 D X * 
7 3;4 j I 1 0 * I * 
8 I 3;4 , 12 0 C) 0 ~ D 
9 :i·4 I 16 n D o x x * 
Suggestion 
x ...... Unsucces 
by Error * ...... Unsucces 
by Disability of 
Arrangement 
10 3;6 l l I O I O D D * 
II 3;8 12 0 * ' * :~ rg :-:g II cS To -8 --q~ B- 8 8 ~ 
14 4;0 17 j O I () '.'.) C, I O 1 0 X 
15 4;6 10 0 D O X * 
16 4;6 I I C) 0 C) C) 0 I :J " 
:~ t; I Jr 8 I 8 8 I 8 ·1, 8 I ~ ~ 
19 1 4;7 14 C) 0 0 0 D '.J X 
_E__· 4; I I I 5 I O O O D I CJ '.J __ 
21 I 6;0 11 0 '.J O O u D X 
22 6;3 11 0 0 0 D O U I X 
23 6;6 14 0 0 0 0 Ii C O 0 
24 6;6 II O O O O D O x 
25 6;6 14 0 0 0 0 U O C) 
26 6;6 18 0 C) CJ O D D I D 
27 I 6;8 15 n o o o o o o 
28 7;4 13 Q o o o o o D 
29 7;4 11 o :_J '.J D '.J o D 
3) 7;6 , 12 o CJ o o o o I o 
31 8;o I 14 o o o o 
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11• o o o 





















In the case of an especially mentally retarded child, we let him at first 
A Developmental Study of Weight Perception 135 
arrange three objects, and after his succes in the trial, we increased the 
number of the objects to four and five. 
Results: As shown in Table 9 the arrangement according to size is relatively 
easy for abnormal children. There were five children who could not arrange 
even three objects. Their mental age is below 3; 8. They were unable to 
order although they understood which object was the largest and which 
was the smallest. As a result, some arranged the objects in the form of 
the letter L or piled them u.p one upon another. There were several children 
who succeeded only with the help of suggestion in the case of 4 and 5 
objects, although they could arrange correctly without help in the cases of 
3 objects. (See Observres 10, 12, 13 etc. ) Therefore, there were only 14 
children who were able to arrange five objects in order according ot size. 
CExpreiment C) 
Purpose : We wanted to examine whether a child has the ability of 
arrangement when the difference between stimulus objects is in weight, 
that is, when it is not visually observable. 
Materials and Procedure of Expreiment: Five materials prepared for this 
experiment were, as shown in Table 8, equal in size, but different in weight 
from one another. 
The procedure was the same as in Experiment B. But in this case, the 
experiment was carried out at first with three objects for every observer, 
and after the success, four and five objects were presented to the observer. 
Additional emphasis and suggestion were the same as in Experiment B. 
Results: In this experiment, the task was to arrange the objects in order 
as in Experiment B. However, a very different type of behavior appeared 
among mentally retarded children in this Experiment C. In Table 9, the 
sign * indicates the disability of arrangement. There were several children 
who could not arrange according to weight, although they were able to 
arrange according to size. (See Observers 4, 6, 11 etc. ) In consequence, some 
lifted repeatedly in vain, and others arranged in L form or piled up the 
objects one upon another. As seen in Table 9, there was a child who failed 
to arrange four objects, although he succeeded with three objects. 
Therefore, of 32 children those could correctly arrange five objects were 
only 8. 
(Experiment D) 
Purpose: In this experiment the condition is more complex. Here the obser-
ver is required to arrange according to weight objects which are differrent 
in size. In other words, in this case the visual difference tends to disturb 
the child in solving his task. So in order to succeed in the arrangement, 
one must abstract weight alone from visual appearence. 
Materials and Procedure of Experiment : Materials are four objects as shown 
in Table 8. They differ from one another both in size and weight. When 
they are arranged in order ot weight, they are not in roder of size. 
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The procedure is the same as in preceding experiments. The observers 
who participated in this experiment were those children who had succeeded 
in Experiment C. Their number was 18. The instruction and hints given 
them were the same as in Experiment C. In this experiment, the arrange-
ment a b c d is correct. The arrangement a c b d or a c db are incorrect, 
because they are an arrangement not according to weight, but according 
to size. 
Results: As shown in Table 9, the task of this experiment was found to be 
more difficult than any preceding one. Only five children were successful. 
The other children all arranged objects without regard to the instruction. 
Although they arranged objects comparing thier weight, the result was an 
arrangement according to size. 
Consideration : Now let us consider the results of Experiment A, B, C, and D. 
From the results of Experiment A, we have found out that all children can 
correctly discriminate the weight of stimulus objects. Through Experiment 
B, we have found out that they have the ability to arrange five objects in right 
order. The observers who could not order three objects, were unable to 
order by the help of a verbal suggestion only. When the experimenter formed 
a model arrangement, one ot such observers was delighted, saying that 
now steps had been made out of the boxes. Then the experimenter arranged 
the boxes in random order again, and gave him the following instruction : 
"Now, try to construct the steps yourself." By this instruction, the child 
could solve the problem for the first time. 
Following types of behavior were shown by some children in Experiment 
B, C and D. Though they were successful in arranging three objects, they 
were thrown into utter confusion when four objects were presented to them, 
and they arranged them at random as if they had forgotten that their task 
was to arrange their objects in order. This suggests that the task to arrange 
objects according to weight involves organization of stimulus situation, and 
that the task o± arranging in sequence especially is organization accompa-
nied by some abstraction. Indeed, the arrangement needs a higher mental 
function than the task of piling up. This was proved by the behavior of a 
child who could pile up the Montessory tower but could not afterwards 
arrange correctly the same five objects on the table. In addition to this, 
the fact that a child could not succeed in the task of arranging in order of 
size, but succeeded, on the other hand, in the task of constructing the steps 
proves that activity of abstraction is necessary in arrangement. 
Next, let us compare Experiments B and C. The two experiments differ 
from each other in the attribute according to which the objects are arranged. 
That is, in the former they are arranged according to size and in the latter 
according to weight. For our observers, these two tasks were wholly different 
in its nature. some children who successtully arranged three or four objects 
according to size, could, not arrange even three objects according to weight. 
Moreover, in Experiment C, some ot the observers seemed not to know 
how to arrange. There were also some observers who succeeded in 
arranging 3 or 4 objects but could not arrange 5 objects, or needed the 
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help of the experimenter's suggestion. These facts seem to show that the 
arrangement according to weight presupposes abstract thinking. 
In Experiment D, the task became still more difficult. When an observer 
tries to arrange objects in order of weight, his task is apt to be disturbed 
by the visual size of the objects. If he is strongly influenced by visual 
percept.ion, he arranges, in consequence, the objects not according to weight, 
but size. Such a sort of arrangement was made by most of our observers. 
That is, they lifted the objects one by one, and compared their weight 
correctly, but the arrangement they made was one according to size. Even 
when the experimenter let them examine whether their arrangement was 
right or not, they could not discover their error. The normality of weight 
sensitivity of those observers had already been ascertained by Experiment 
A. The difference of weight between the four objects was considerably large. 
Consequently, since in them Charpentier's illusion did not appear, the fact 
that they could not make the correct arrangement of abed can only be 
accounted for by the influence of visual perception upon weight perception. 
Therefore even an observer who is quite competent to arrange according 
to weight in the case of objects of the same size as in Experiment C, will 
not succeed in this task, if he is influenced by the apparent size, namely 
visual perception. That is to say, in Experiment D, weight perception of 
higher level needs to be established. 
CSuPPlementary Experiment] 
Usnadze (9) explains volume illusion through weight by the same princi-
ple as Charpentier's illusion. Volume illusion through weight consists in 
the fact that the heavier object seems to be smaller when two objects are 
identical in size, but differenent in weight. In Usnadze's result, volume 
illusion occurred about 50% of all judgements in adults. Then how often 
does it occur in children? Because of the confusion of size and weight 
perception of children, it is assumed that, in children, volume illusion 
occurs more rarely than in adults. In this experiment two objects to be 
compared were different in weight but not in size. The observer was told 
to close his eyes while he was making comparison. 
Materials : Materials used were three celluloid balls 6cm in major axis and 
5 cm in minor axis. Their weight were ( aJ 450 g, (b) 300 g, and ( c) 150 g. 
Observers : The same as in Experiment I, Nonin Kindergarten children. 6 
Mentar age 
4;0~4; 11 
5; 0~5; 11 
6;0~6; 11 
Total 
c and b, b and a, 







adults were used for comparison. 
Procedure : The observer sat with his back 
turned toward the experimenter, and both 
his hands stretched in the direction of the 
experimenter. He was instructed to tell 
which was larger after receiving two objects 
in his hands. The order of comparison was 
and a and c. Each pair was compared twice in shifting 
made comparison, the observer was told to grasp the 
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Results: The results obtained both for children and adults are showa in 
Table 10. The illusion occurred in the same amount in 4-and 5-year children, 
while it increased in 6-year children. The illusion seemed to occur less 
frequently in the comparison of a and c, because in this pair the difference 
of weight was considerable. By the way the cases of illusion in adults 
were 58. 3%. 
Consideration : In this experiment, our observers could not catch sight of the 




4;0--4; 11 5;0-5;1 l Adults e 
n 8 23 19 6 
a: b 12.4% 17.4% 31. 5% 58.3% 
b:c 6.3 2.2 23.6 58.3 
a ; C 0 0 26.3 58.3 
a. M. II 6.2 I 6.5 I 27.2 58.3 
objects given to them. When a child declared the heavier object to be larger 
we let him look at the objects and compare their sizes. But his answer 
was, just as before, "The heavier one appears to be larger. " This seems 
to be due to the confusion of size and weight. Illusion appeared, however, 
not so clearly as Charpentier's illusion. That there were more cases of 
illusion in adults than in children may be explained by the same reason as 
in the cases of Charpentier's illusion. In the adult, through experience, 
the expected impression has a powerful influence upon the comparison. 
SUMMARY AND CONCLUSIONS 
It has been made clear through our experiment composed of four series 
that weight illusion through volume makes a rapid development between 4 
and 5 years of mental age. In consequence, in children below 4 Years, 
Charpentier's illusion is seldom experienced. Now let us consider the reasons 
for this rare occurrence of illusion among younger children. 
In the first place, because they cannot perceive differences in size? No, 
they can understand size very well. For instance, as part of a mental test 
given to 3-year children, there was a problem of making comparison of 
the length of lines. And we found no child who made a wrong answer to 
our question which was longer. Even in mentally retarded children, their 
discrimination of size is quite accurate. When they were distributed cakes 
by an instructor of the home, they tried to get the largest one. But this 
example may be not applied so well to other cases, since there is a great 
difference in respect to their needs. Anyway, it seems that the rare occur-
rence of illusion cannot be attributed to insufficient size discrimination. 
In the second place, it may be asked whether weight perception is 
accomplished at this age or not. The answer to this question can easily be 
found when we observe children's behavior. For example, a 3-year child 
judged weight immediately by looking at the objects, without lifting them. 
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fhe behavior of those children who belong to the 3rd group in Experiment 
I, shows non-differentiation of visual and weight perception. One may 
assume that the formation of weight perception takes place for the first 
time at about 5 years of mental age and that the differentiation not only 
of weight perception, but of any field of perception begins to make a rapid 
progress at this stage of mental devlepment. 
In the third place, let us consider the cause of Charpentier's illusion. 
Through experience, a larger object is expected to be heavier. But, con-
trary to the expectation, it appears not so heavy. This seems to be the 
cause of the illusion. "This is heavier in spite o± being small" indicates 
that the observer is perceiving size and weight separately, and that he has 
learned by experience that smaller objects generally are lighter. It is 
supposed that the two things are inseparable and make development as a 
whole. When one's weight perception is not accomplished, experience about 
the weight of many things is of no use for him. On the other hand, weight 
perception is performed by means of experience about the weight of many 
objects. Dressler (15) did not find out differences according to age for 
Charpentier's illusion. The reason may perhaps be sought in the fact that 
his observers were school children, whose weight perception was already 
fully established. 
In short, weight perception seems to be completed both by the synthetic 
differentiation of various fields of perception and by one's experience about 
his life situation. The writer wants to study further the development of 
perceptual function in many other fields of perception. 
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RÉSUMÉ 
Le but de cette étude est d'expliquer, par l'apparition de l'illusion de 
Charpentier, comment le principe du développement de la non-différencia-
tion à la différenciation se développe dans la perception de poids chez les 
enfants. 
Chez les enfants de trois ans l'illusion de Charpentier ne se produit 
qu'à peu près de cinquante pour cent mais elle s'observe chez presque 
tous les enfants de cinq ans. Quant aux ·enfants à l'esprit peu développé, 
comparés aux enfants normaux de même âge intellectuel, l'illusion de 
Charpentier a montré une augmentation analogue d'après l'âge. Ainsi cette 
illusion augmente surtout à l'âge intectuel entre quatre et cinq. Elle ne s'est 
guère observée chez les enfants au-dessous de trois ans; ils ont jugé les 
objets plus grands plus lourds que les autres au même poids. 
Quand on observe la conduite des enfants qui comparent les poids, la 
cause de l'illusion peut s'expliquer comme suit: (1) Les enfants n'ont pas 
connaissance de cette illusion parce que la perception de poids ne se 
développe pas suffisamment chez eux. Ils savent comparer les poids des 
objets de la même grandeur mais quand ils comparent les poids de 
différente grandeur la perception de poids se trouve influencée par la 
perception visuelle. C'est que la perception de poids qui agit en unissant 
la sensation musculaire de poids et la perception visuelle n'est pas aussi 
bien développée chez les enfants que chez les adultes. (2) Une des causes 
qui produisent l'illusion de Charpentier est, comme M. Friedlander l'a dit 
avec quelques autres, la représentation anticipée du poids de l'objet d'une 
certaine grandeur définie. Chez les enfants, pourtant, qui n'ont pas beaucoup 
d'expérience quotidienne la représentation anticipée de lourdeur ne se 
produit pas pour les objets grands. II résulte de ces deux causes que 
l'illusion de Charpentier ne se produit pas chez les petits enfants. 
J'ai posé aux enfants à l'esprit peu développé, comme la troisième 
expérimentation, les thèmes de l'arrangement. Leur capacité de distinguer 
les poids a été normale. Les thèmes ont été: 1) l'arrangement par grandeur, 
2) l'arrangement par le poids des objets à même grandeur et 3) l'arrangement 
par le poids des objets à diverse grandeur. Les réponses correctes des 
enfants à l'esprit peu développé à ces thèmes se diminuent dans l'ordre 
(1), (2), (3), et le thème (3) n'a été résolu que par les enfants à l'âge 
intellectuel plus que 6;3. Ces résultats nous montrent que la perception de 
poids est une faculté mentale supérieure à la perception visuelle et qu'elle 
se compose par la différenciation et l'unification de la perception visuelle 
et de la sensation de poids. Pour la solution du thème (3) il faut que le 
poids se trouve abstrait sans être influencé par la perception visuelle. A 
l'expérimentation de l'illusion de volume, nous avons obtenu les résultats 
qui aussi vérifient ce fait. 
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En somme, la perception de poids consiste en la differenciation et 
l'unification de la perception visuelle et la sensation de poids. 
ZUSAMMENFASSUNG 
Wir haben die Charpentier-Täuschung in der frühen Kindheit untersu-
cht, um zuwissen, wie das Entwicklungsprinzip von Differenzierung und 
Zentralisierung in der Wahrnehmung der Schwere entwickelt. 
Wir haben das Charpentier-Täuschung noch nicht in normalen dreijäh-
rigen Kindergruppe (15 Kindern) gefunden. Aber in der normalen fünf-
jährigen Kindergruppe (16 Kindern) ist die Täuschung zu sehr hohen Prozenten 
erschienen. (Die Grund-und Vergleichskuben waren von gleichem Gewicht, 
aber des letzteren Grösse waren verschieden. ) 
In den schwachsinnigen Kindern (IQ 20~80, n. 32) haben wir die ähnliche 
Entwicklung der Charpentier-Täuschung im Vergleichen mit den normalen 
Kindern von demselben Intelligenzaltern wahrgenommen. 
Die Charpentier-Täuschung entwickelte sich besonders im Intelligenzalter 
zwischen 4~5 Jahre. Sie war in der Regel in dreijährigen Kindern noch 
nicht zu sehen. Durch die Beobachtung der Handlung der Kinder haben wir 
den folgenden Grund angenommen. 
1) Der Grund, dass diese Täuschung in den drei jährigen Kindern nicht 
auftritt, liegt darin, dass ihnen hat sich die Wahrnehmung der Schwere 
noch nicht genug entwickelt. Sie können die Schwere der Körper von gleichen 
Grösse gleichen, aber die Schwere der zwei Körper von verschiedener 
Grösse nicht, weil dabei wird die Wahrnehmung der Schwere von der 
Gesichtswahrnehmung der Körper beeinflusst. Also dürfen wir folgern, 
dass sich die Vereinigung von der Muskelempfindung der Schwere und der 
Gesichtswahrnehmung der Gewichts-körper noch nicht entwirkricht habe wie 
bei den Erwachsenen. 
(2) Die Charpentier-Täuschung tritt unter anderen von der Erwartungs-
vorstellung auf, dass der grössere Körper schwerer sei. Aber in der frühen 
Kindheit bildet solche Erwartungsvorstellung noch nicht aus, da ihre all-
tägliche Erfahrung sehr arm ist. Aus solchen zwei Gründe erfahren diese 
intelligenzjährigen Kinder in der Regel noch nicht die Charpentier-Täuschung. 
Im dritten Versuche haben wir schwachsinnige Kinder verschiedene 
Körper nach der Schwere anordnen lassen. Im voraus haben wir bestätigt, dass 
ihre Fähigkeit der Gewichtsunterscheidung normal ist. Die drei Aufgaben 
waren gegeben: I) der 5 Körper nach der Grösse, II) die 5 gleichen Körper 
nach der Schwere, und III) die 4 verschiedenen Körper nach der Schwere 
nebeneinanderzustellen. Die Zahl der schwachsinnigen Kinder welche die 
Aufgabe richtig haben lösen können war grössten in der Autgabe I, und 
am mindesten in der Aufgabe III. 
Die Aufgabe III war nur durch solche Kinder versucht zu lösen, deren 
Intelligenzalter mehr als 6;3 steht. Das Resultat scheint zu zeigen, dass die 
Wahrnehmung der Schwere die höheren psychischen Funktionen als die 
Gesichtswahrnehmung in Anspruch nehme nnd dass sie immer durch 
Differienzierung und Verbindung von Gesichtswahrnehmung und Gewichtsem-
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pfindung geschehe. Wenn man die verschiedenen Körper nach der Schwere 
anordnen (Aufgabe III) müsse, ist die Abstraktion der Schwere und der 
Gesichtswahrnehmung der Körpergrösse so vorauszusetzen. Diese Abstra-
hierung befindet sich zuerst im Intelligenz-alter 6;3. 
Die Wahrnehmung der Schwere scheint kurzgefasste aus der Differen-
zierung und vereinbarung von Gesichtswahrnehmung und Gewichtsempfindung 
einerseits, und aus dem W ackstum der Lebenserfahrung anderseits zu 
entstehen. 
